Past research has found evidence of the existence of a significant digital divide among various socio-economic segments in terms of Internet access and usage. In this research, we use two annual (2002 and 2008) cohorts of demographically representative national random samples to investigate the relative levels of digital divide along the typical socio-economic fault lines. We find from our statistical analyses that not only does a deep digital divide still persist along key dimensions (like education) of the socio-economic fault lines, it has in fact widened along several key dimensions (like income and urban-rural divide).
. In fact, the U.S. Congress has passed various legislations that seeks to provide federal financial assistance in the form of grants and tax credits to encourage infrastructure investments in high speed Internet service, especially in rural areas [Fox, 2005; Robinson et al., 2003] . Naturally, from that public policy perspective, insights into changing trends in Internet access and usage level across important socio-economic segments of society are of significant value. Such insights are critical in order to evaluate existing policy initiatives and to prioritize future initiatives to address the Internet based digital divide [Robinson et al., 2003] . They are also critical to understanding how one of the economic benefits that the Internet provides (by enabling consumers to find lower prices for products purchased) is likely to be enjoyed by those segments in our society who probably need it the most [Baye et al., 2003 ].
While the Internet penetration level within the aggregate population in the U.S. has more than doubled between 1998 -2009 [Pew Internet and American Life Project, 2010 , such increase in itself sheds little insight into the underlying trends in penetration levels across distinct socio-economic segments. It is analogous to the fact than an increase in the national average of household income says very little about its effect on the income distribution across households. For instance, an increase in the Internet penetration at the aggregate level can as well be just an upshot of more people in the same socio-economic groups enjoying Internet access-thus leaving the digital divide unchanged or even widening. In other words, whether an increase in the aggregate penetration level is indeed leading to a systematic decline in relative digital divides across distinct socio-economic segments remains an open and important empirical question, unless of course the aggregate penetration reaches nearly 100 percent. However, the recent data (early 2010) shows a plateau in the Internet penetration growth trend in the U.S. since 2006 at a level of about 75 percent [Pew Internet and American Life Project, 2010] .
In the next section of this article, we briefly discuss the relevant existing literature to which our study contributes. In Section III, we present our conceptual framework and the empirical model. Section IV discusses the data used and the findings from our empirical analysis, while Section V presents conclusions.
II. RELEVANT EXISTING RESEARCH CONTEXT
As the Internet has assumed an increasingly -indispensable‖ role in modern life [Hoffman et al., 2004] , a natural and important issue that researchers continue to focus on is an in-depth understanding of the factors that facilitate or hinder the Internet adoption process through the general population [Dewan and Riggins, 2005; Ratchford et al., 2003; Venkatesh and Brown, 2001] . The analysis approach used in this research endeavor is essentially the -positive economics‖ methodology in order to gain systematic insights into -what is‖ the empirical reality for the research question being investigated. Instead of using any explicit theoretical model, almost all such studies use some form of conceptual framework to guide their empirical analysis. However, a notable exception is the study by Ratchford et al. [2003] which develops and empirically tests an explicit theoretical model of Internet adoption and usage. The model is based on expected differences in relative cost-benefits among consumers to search for information across alternative sources, including the Internet.
In terms of the types of data used in their empirical analyses, the aforesaid research studies used either aggregate or individual level data. Those using aggregate level data focus primarily on analyzing the Internet-based digital divide across countries. Specifically, they focus on aggregate country level diffusion process for Internet adoption and investigate the determinants of cross-country differences in Internet penetration levels [Chinn and Fairliey, 2006; Cuervo and Menendez, 2006] . For instance, the study by Chinn and Fairliey [2006] analyzes the factors that explain the variation in Internet penetration levels across 161 countries. It finds that income per capita, average years of schooling, telephone penetration level, and urbanization rates are some of the key factors in explaining crosscountry differences in Internet penetration levels. For European Union member countries, Cuervo and Menendez [2006] , find that information and communication technology infrastructure and Internet access costs were the two main factors in explaining the digital divide across member countries.
As for those studies using individual level data, the goal has been to investigate the role of various determinants of an individual's likelihood of adoption of the Internet within a given country-either in the general context [Goldfarb and Prince, 2007] or in specific contexts, such as a search for information on new cars or on health care [Lorence, et al 2006; Ratchford et al., 2003] . While the focus of some of these studies is on the general determinants of Internet use [Ratchford, et al. 2003 ], it is on specific determinants from the digital divide perspective for other studies [Bannerji et al., 2005; Buente and Robbin, 2008; Goldfarb and Prince, 2007; Lenhart et al., 2003] . Our current study is most directly related to this latter stream of research within the aforementioned broader group of research studies. While these existing studies have definitely advanced our understanding of the important issue of the Internet-based digital divide in the U.S., they also point to the need for additional research to address some of their weaknesses. One weakness: Many of the existing studies are based on univariate rather than multivariate statistical analysis [Fox 2005; Lenhart et al., 2003; McGregor, 1999] . As such, the findings from such studies provide statistically weak evidence on the presence of the digital divide and thus fuel the debate about the true extent of the digital divide [Compaine, 2001] .
There are also very few studies that use a multivariate statistical approach as well as repeated national sampling data over multiple time periods. However, such analysis approach and data are critical to gaining statistically reliable insights into the following key issue: Whether and how the increased Internet penetration at the aggregate population level is altering the relative levels of the digital divide along typical socio-economic fault lines in the U.S. The goal and contribution of our study is to use such approach and data to augment this very limited existing research stream by addressing the above key question on the digital divide issue. Our study also extends the insights from this limited research stream by investigating over a more recent time period, viz., 2002-2008. 
III. CONCEPTUAL FRAMEWORK AND EMPIRICAL MODEL
As is typical of studies in this research area, the analysis approach in our study also follows the -positive economics‖ methodology to gain systematic empirical insights into the research questions that we investigate. In other words, the focus of our study is on the -positive‖ or -what is‖ aspects, rather than on the -normative‖ or -what should be‖ aspects, of the digital divide issue. At the same time, for the policy deliberations on the normative aspects of the digital divide issue to be effective, they need to be based on systematic insights from positive analyses. So the insights or -outputs‖ of our study offer part of the complementary -inputs‖ necessary for any policy deliberations dealing with the normative aspects of the digital divide. Figure 1 provides a conceptual framework for our study. The focus in our study is on investigating the digital divide in terms of Internet adoption patterns of people at their own homes, since it remains less understood than adoptions patterns at public locations like schools, libraries, and workplaces [Compaine, 2001, p. 88] .
Figure 1. Conceptual Framework
As Goldfarb and Prince [2007] note, an understanding of the Internet-based digital divide across individuals requires analysis for differences in both Internet access and usage patterns. The idea is to recognize the distinction between access per se and -effective access‖ [Buente and Robbin, 2008; Robinson et al., 2003] . In other words, enjoying the benefits from Internet adoption depends not only on having the means to access it per se, but also on the inclination and ability to use it on a regular basis to make such access effective. So, a fuller understanding of the Internet based digital divide in the society requires investigation along both dimensions of the digital divide-Internet access and usage level. Income consists mostly of heavy users once they do get access. In other words, lack of Internet access would then be more reflective of economic or infrastructure constraints than of any lack of inclination or ability to use once access is secured.
The specific empirical estimation model used in our study is the binary logistic regression model which can be specified as [Allison, 1999] :
is the cumulative logistic distribution. The term -Pr (Y = 1)‖ denotes the probability of observing a -Yes‖ outcome (-1‖ versus a -No‖ outcome of -0‖) for the dependent variable of interest, Y. The vector of explanatory variables for each respondent i is denoted by X i , while β denotes the vector of corresponding regression coefficients. A positive (negative) value for the estimated regression coefficient of an explanatory variable indicates that the variables increase (decrease) the probability of observing a -Yes‖ outcome in the dependent variable of interest, Y.
We should also note that -e‖ to the power the corresponding estimated coefficient value for any explanatory variable gives the -odds ratio‖ with respect to that variable. The odds ratio of an explanatory variable (e.g., gender) represents the likelihood of observing a -Yes‖ outcome in the dependent variable of interest (e.g., Internet access) for a category (e.g., male) of that explanatory variable relative to that of its base category (e.g., female). For instance, let X denotes gender, and it equals -1' if male and -0‖ if female. Also, let Y be the binary dependent variable representing Internet access, and it equals -1‖ if one has Internet access and -0‖ otherwise. In that case, if β denotes the estimated coefficient value for gender, the odds ratio of having access to the Internet by gender is characterized as follows:
As noted earlier, for our study we have two dependent variables of interest corresponding to the two distinct aspects of people's Internet adoption behavior-Internet access at home and its daily usage level contingent on access. So, the binary outcomes for our two dependent variables are whether or not a respondent has home Internet access, and whether or not she uses the Internet at home on a daily basis contingent on access. We use six key socioeconomic characteristics of the U.S. population that have been typically considered in the existing literature to analyze the Internet-based digital divide [Fox, 2005; Lenhart et al., 2003 ], and they are as shown in Figure 1 .
The two time periods for which we investigate the extent of digital divide in the U.S. population are 2002 and 2008. We estimate the binary logistic regression model separately for each year to get estimates of the relative levels of digital divide for each time period. To see whether there is any distinct change in such relative levels between 2002 and 2008, we test for statistical significance (at .05 level or less) of the difference in estimated coefficient values from the two time periods for each of the explanatory variables [Allison, 1999] .
IV. DATA AND ANALYSIS FINDINGS Data for Analysis
For our empirical analyses, we obtained data through the Pew Internet and American Life Project (PIALP) at the Pew Research Center. Similar data collected through the PILAP has also been used in other recent academic studies [Buente and Robbin, 2008; Lorence et al., 2006] . The specific data used in our study is based on two separate telephone surveys to collect information on Internet access and usage patterns among adult Americans. Both surveys were conducted among a national random sample of adults, eighteen and older in households with telephone. The first survey was done in 2002 between October 30 and November 24 [Kohut and Rainie, 2003] , and the second survey was done in 2008 between November 20 and December 4 [Smith, 2009] . The respondents for the surveys were based on a random digit sample of telephone numbers selected from telephone exchanges in the continental United States. The random digit based sampling avoids -listing‖ bias and provides representation of both listed and unlisted numbers. The survey calls were staggered over times of day and days of the week to maximize the chances of making contact with a potential respondent.
The final sample sizes from the two surveys are 2,745 individuals for 2002 and 2,254 for 2008. Both survey data sets include sample weights for each respondent to address nonresponse patterns inherent in such national survey sampling [Kohut and Rainie, 2003; Smith, 2009] . For each survey, the sample weights were constructed using the demographic weighting parameters from the most recently available U.S. Census Bureau's Annual Social and Economic Supplement. 1 The availability of such sample weights in the data set ensures that, for any statistical analysis based on the data, the demographic characteristics of each survey sample closely represent the demographic characteristics of the target U.S. national population (see Table 1 ). The demographically representative national random samples give us high confidence in the statistical reliability and generalizability of our findings to capture national trends in each of the survey years (2002 and 2008) and over the six year period between the survey years. Our data set contains information from each respondent that allows us to identify whether or not a respondent has access to the Internet at home, and whether or not a respondent who has access to the Internet at home uses it on a daily basis. Our two binary dependent variables are based on this information. From our data, we find that the percentages (weighted) of the respondents who have access to the Internet at home in 2002 and 2008 are 60.7 and 73.1 respectively. From usage level perspective, the percentages (weighted) of the respondents who are found to have access to the Internet at home and to use it on a daily basis are 51.1 in 2002 and 57.5 in 2008. Our data set also contains information on gender, race, age, education, and household income from each respondent. This information as well as the information about whether a respondent lives in an urban or rural area is used to create the relevant explanatory variables in our empirical analysis. As noted earlier, Table 1 shows the summary statistics of all the dependent and explanatory variables used in our analyses.
Analysis Findings
Before we discuss our results, it is important to note that all our regression analysis use the sampling weights of the respondents. As noted earlier, use of such sample weights ensures that, for all our statistical analysis, the sample demographic characteristics closely represent the demographic characteristics of the target U.S. national population.
Internet Access at Home Our first analysis focuses on the determinants of whether someone has Internet access at home or not. The binary logistic regression results of the likelihood of an individual having Internet access at home is shown in In contrast, the digital divide with respect to Internet access is found to have in fact widened between 2002 and 2008 in terms of several socio-economic characteristics. Specifically, we find that a richer person in 2008 enjoyed about 60 percent (p < .01) more likelihood of home Internet access than that of those in the next lower income group. It reflects a statistically significant (p < .01) increase from the 40 percent more likelihood in 2002. As for the racial divide, we find that the odds of an African-American, after controlling for other key socio-economic characteristics, having Internet access at home in 2008 to be about 60 percent (p < .01) less than that of a White American. It represents a statistically significant (p < .01) widening of the racial digital divide since 2002. We also find similar pattern in the trends of the urban-rural dimension of the digital divide. In 2008, the odds of having home Internet access for urban dwellers was found to be about 40 percent (p < .05) more than that of rural dwellers, which again represents a statistically significant (p < .01) widening of the rural-urban divide since 2002.
Internet Usage Level Table 3 presents the binary logistic regression results for the likelihood of an individual who has home Internet access of using the Internet on a daily basis. As with our earlier analysis results for Internet access at home, our results for Internet usage level also show strong evidence of a persistent digital divide along the typical socioeconomic fault lines in both 2002 and 2008. In terms of time trends, the digital divide is found to be in fact widening along education and urban-rural fault lines while remaining unchanged along income, racial, gender, and age lines. Specific details of the related analysis results from Table 3 are discussed below. 
Summary of Our Findings
The primary insights from our empirical analyses are summarized in Table 4 and Table 5 . In summary, we find that an individual's socio-economic profile continues to have statistically significant effects on her likelihood of both Internet access and usage level in the U.S. In fact, not only do we find evidence for the persistence of a deep digital divide along key dimensions of socio-economic fault lines, we also find evidence that the divide has indeed widened between 2002 and 2008 along some dimensions like income and urban-rural divide.
Interestingly, as Table 5 shows, a comparison of the levels of digital divide between Internet access and usage shows that they are relatively higher in the case of access. For instance, our findings show that the digital divide by income and education is much more pronounced in case of Internet access than Internet usage. These findings suggest that the lack of Internet access is more of a reflection of economic or infrastructure constraints than of any lack of inclination or ability to use, once access is secured, by socio-economic characteristics. Also, they indirectly imply that the -Internet have-not‖ group in fact mostly consists of people who make good use of the Internet once they do get access. Such implication is consistent with the findings and insights from the study by Goldfarb and Prince [2008] that investigated the link between Internet access and usage behavior of individuals.
V. CONCLUSION
Since its advent in the 1990s, the Internet has increasingly emerged as a key source of information for the general public in many domains including business, politics, and general news. Not surprisingly, it has led to the concurrent emergence of a natural and important academic research stream that has focused on an in-depth understanding of the various factors that facilitate or hinder people's adoption of the Internet [Dewan and Riggins, 2005; Ratchford et al., 2003] . A key question in that respect is: Has the increased Internet penetration at the aggregate population level in the U.S. changed the relative levels of digital divide along the typical socio-economic fault lines, and if so, how? A rigorous research approach to address the question requires systematic empirical analysis using repeated national sampling data over multiple time periods. Unfortunately, the existing literature offers very few studies in that regard. The contribution of our study is to use such approach and data to augment this very limited existing research by addressing the above key question on the digital divide issue.
Using individual level survey data from two annual (2002 and 2008) cohorts of demographically representative national random samples, we presented systematic empirical insights into the aforesaid question. We investigated the trends in the digital divide in terms of both home Internet access and its usage level given access. The scope 
Residential location
 The likelihood for an urban resident increased from similar to about 40% more than that of a rural resident  The likelihood for an urban resident increased from about 30% more to about 80% more than that of a rural resident and nature of our data lend high confidence in the statistical reliability and generalizability of our empirical findings. Among our main findings, both the Internet access and usage level analyses provide mutually reinforcing empirical evidence to indicate that a significant increase in the overall Internet penetration level over the last decade has done little to reduce the digital divide in the U.S. Specifically, we find that an individual's income, education, gender, race, and age, as well as whether she lives in an urban area, continue to have statistically significant effects on her likelihood of both Internet access and usage level conditioned on access. Not only does a deep digital divide persist along such key dimensions of socio-economic fault lines, we find that it is in fact widening over our analysis period (2002) (2003) (2004) (2005) (2006) (2007) (2008) , along such dimensions as income and urban-rural divide.
Taken together, our findings suggest that the increase in the Internet penetration at the aggregate population level continues to be driven mostly by still deeper penetration levels among the already -privileged‖ socio-economic segments of the population. Like the issue of equitable access to basic immunization vaccinations being of prime interest to medical professionals, the research issue and findings of our study on the Internet-based digital divide are of particular interest to computing professionals. Our findings are also of significant practical relevance to businesses as well as to public and civic interest groups.
For businesses, our study is directly relevant to their strategic goal of matching media with target markets by evaluating the relative communication effectiveness of alternative media across different target market segments. As their use of the Internet increases not only as an alternative communication medium to reach their target markets, but also as an alternative transaction channel to sell goods [Baker and Hempel 2006; Chatterjee, et al. 2003; Ghose and Yang 2009] , our findings offer strategic insights to make such target marketing more effective. For instance, our empirically estimated -odds-ratios‖ or relative likelihoods of Internet access and usage by key socio-economic characteristics provide very useful metrics for businesses in evaluating the expected differential effectiveness of using the Internet to target specific demographic markets for advertisement communication and product sales. Also, our overall findings imply that businesses should not expect it to be any easier to reach the -have-nots‖ through the Internet in 2010 than it was about a decade ago. At the same time, they also underscore the significant opportunities that exist for businesses in more effectively reaching and serving the market at the bottom of the -economic pyramid‖ as relevant public policy initiatives increasingly aim to break down the digital divide with respect to the Internet [Stelter and Wortham, 2010] .
As for the public policy goal to achieve an effective and equitable -cyber society‖ [Jensen et al., 2007] , a study like ours that offers insights into evolving trends in digital divides across important segments of the society is naturally of significant importance in prioritizing relevant policy targets and initiatives. For instance, in the U.S. context, our findings underscore the issue of the urban-rural digital divide as a key area for evaluation of past policy initiatives [Lenhart et al., 2003 ] and for prioritization of future initiatives. In this context, it is quite interesting and relevant to note that recent policy initiatives in the U.S. give priority to bridging the urban-rural digital divide [Stelter and Wortham, 2010] . Some of these initiatives aim to provide subsidy for Internet providers to wire rural parts of the country that are without Internet access by planning to auction some broadcast spectrum to free space for wireless devices.
As with typical empirical studies using secondary data, we should note that a limitation of our study is that our data lacks some interesting individual demographic characteristic variables like occupation as well as policy relevant variables like price of Internet access and use. An especially interesting area of future research would be to study the role of national and regional level differences in IT-related regulatory and public policy initiatives on digital divide trends within and across countries. In similar vein, another interesting area of future research would be to compare the efficacy of local community based initiatives in reducing digital divide so as to identify -best practices‖ for designing such initiatives.
APPENDIX Analysis Data Source
For our empirical analyses, we obtained data through the Pew Internet and American Life Project (PIALP Kohut and Rainie [2003] and in Smith [2009] . Similar data collected by the PSRAI on behalf of the PILAP has also been used in other recent academic studies [Buente and Robbin, 2008; Lorence et al., 2006] .
Sample Design
The specific data used in our study is based on two separate telephone surveys to collect information on Internet access and usage patterns among Americans. The first survey was done in 2002 between October 30 and November 24 [Kohut and Rainie, 2003] , and the second survey was done in 2008 between November 20 and December 4 [Smith, 2009] . The sample for both surveys was designed to represent all continental U.S. telephone households. The sample was drawn using standard list-assisted random digit-dialing (RDD) methodology. Active blocks of telephone numbers (area code + exchange+ two-digit block number) that contained three or more residential directory listings were selected with probabilities in proportion to their share of listed telephone households; after selection two more digits were added randomly to complete the number. This method guarantees coverage of every assigned phone number regardless of whether that number is directory listed, purposely unlisted, or too new to be listed. After selection, the numbers were compared against business directories and matching numbers purged.
Sample Contact
As many as ten attempts were made to contact every sampled telephone number. Sample was released for interviewing in replicates, which are representative subsamples of the larger sample. Using replicates to control the release of sample ensures that complete call procedures are followed for the entire sample. Calls were staggered over times of day and days of the week to maximize the chance of making contact with potential respondents. Each household received at least one daytime call in an attempt to find someone at home. In each contacted household, interviewers asked to speak with the youngest adult (eighteen years or older) male currently at home. If no male adult was available, interviewers asked to speak with the oldest female adult at home. This systematic respondent selection technique has been shown to produce samples that closely mirror the population in terms of age and gender.
Sample Weighting
Weighting is generally used in survey analysis to compensate for patterns of non-response that might bias results. The interviewed sample of all adults in both the surveys was weighted to match national parameters for demographic variables like sex, age, education, and race. These parameters came from an analysis of the U.S. Census Bureau's 2001 (for the 2002 survey) and 2007 (for the 2008 survey) Annual Social and Economic Supplements (ASEC). The ASEC for any given year includes all households in the continental United States that had a telephone. Weighting was accomplished using Sample Balancing, a special iterative sample weighting program that simultaneously balances the distributions of all variables using a statistical technique called the Deming Algorithm. The use of these sample weights in statistical analysis ensures that the demographic characteristics of the sample closely approximate the demographic characteristics of the target national population.
